The studies on marine copepods of Costa Rica started in the 1990's and focused on the largest coastalestuarine systems in the country, particularly along the Pacific coast. Diversity is widely variable among these systems: 40 species have been recorded in the Culebra Bay influenced by upwelling, northern Pacific coast, only 12 in the Gulf of Nicoya estuarine system, and 38 in Golfo Dulce, an anoxic basin in the southern Pacific coast of the country. Freshwater environments of Costa Rica are known to harbor a moderate diversity of continental copepods (25 species), which includes 6 calanoids, 17 cyclopoids and only two harpacticoids. Of the +100 freshwater species recorded in Central America, six are known only from Costa Rica, and one appears to be endemic to this country. The freshwater copepod fauna of Costa Rica is clearly the best known in Central America. Overall, six of the 10 orders of Copepoda are reported from Costa Rica. A previous summary by 2001 of the free-living copepod diversity in the country included 80 marine species (67 pelagic, 13 benthic). By 2009, the number of marine species increased to 209: 164 from the Pacific (49% of the copepod fauna from the Eastern Tropical Pacific) and 45 from the Caribbean coast (8% of species known from the Caribbean Basin). Both the Caribbean and Pacific species lists are growing. Additional collections of copepods at Cocos Island, an oceanic island 530 km away of the Pacific coast, have revealed many new records, including five new marine species from Costa Rica. Currently, the known diversity of marine copepods of Costa Rica is still in development and represents up to 52.6% of the total marine microcrustaceans recorded in the country. Future sampling and taxonomic efforts in the 
Introduction
Copepods are a highly diverse group of crustaceans; over 13 000 species of this subclass have been described Halsey 2004, Boxshall and Defaye 2008) and many more are added each year. Copepods are also one of the most abundant metazoans in the world. Up to 60-80% of the marine zooplankton biomass in neritic and oceanic environments is represented by copepods (Casanova et al. 1982 ). This abundance is related to the success of the planktonic forms in colonizing the oceanic water column (Boxshall and Halsey 2004) . Huys and Boxshall (1991) summarized the economic and biological importance of copepods.
The free-living forms inhabit a wide variety of aquatic environments including also those with extreme conditions of salinity and temperature. They are common members of the biotas of subterranean waters (Pipan 2005) , anchialine systems (Suárez-Morales and Iliffe 2005), hypersaline waters (Brucet et al. 2009 ), and bromeliads, among others (Reid 1986) .
Although the importance of the free-living copepods is clear, information on their diversity and distribution is scarce and scattered in many regions. In the case of marine forms, Mauchline (1998) listed 13 Large Marine Ecosystems (LME) that have some data regarding their copepod fauna, but information on most of the remaining 75% of LMEs remains largely incomplete. Similarly, the freshwater environments harbor a diverse copepod fauna; in general, the knowledge of the group in the Americas is asymmetrical, Central America being the least studied subregion in the continent. As part of the Neotropical region with a high continental copepod diversity (Boxshall and Defaye 2008) , studies of the group in Costa Rica have been intermittent (Collado et al. 1984a, b, Suárez-Morales and Reid, unpubl. data) , but new efforts are revealing interesting records (Suárez-Morales et al. 2011) .
A periodical revision of the progress of the knowledge of the copepod fauna in Costa Rica is a key tool to evaluate their potential diversity in marine and freshwater environments. It is also useful to detect invasive species in different aquatic habitats, which is a worldwide phenomenon representing a serious threat to the aquatic biodiversity (Molnar et al. 2008 ). The present paper summarizes the information about copepods that has been recorded until now in Costa Rica, a country with two coastlines and with a high habitat diversity.
Methods

Surveyed aquatic systems in Costa Rica
The main coastal and oceanic environments and also the lakes and freshwater sites in which copepods have been surveyed in Costa Rica are presented in Figure 1 . These areas and systems were selected because of their physiographic or ecological features: the northern Pacific coast is influenced by the Gulf of Papagayo jetdriven upwelling system (Mc Creary et al. 1989 , Chelton et al. 2000 . The Gulf of Nicoya, located in the central Pacific Costa Rican coast is one of the largest and well-studied tropical estuaries, with a surface area of 1530 km 2 (Vargas 1995) , and Golfo Dulce to the south is an anoxic fjord-like embayment (Svendsen et al. 2006) . The Cocos Island is the only emergent point of an oceanic submarine ridge (Protti et al. 2012) , situated 496 km off Cabo Blanco, Pacific coast, with a important marine diversity (Cortés 2012) , and since 1997 a UNESCO World Heritage Site (Morales-Ramírez 2008) . The Caribbean coast is represented mainly by river deltas dominated by waves and barrier beaches to the north, and sandy beaches alternating with a few formations of coral reef fossils to the south (Denyer and Cárdenas 2000) . The most studied freshwater bodies are Lake Arenal, studied since the 1980's, and smaller lakes like Cote and Fraijanes (Collado et al. 1984a, b, Umaña and Collado 1990) .
We reviewed literature records of free-living marine, brackish water, and freshwater copepods found in Costa Rica. Up to thirty seven sites have been sampled for copepods in the country, including marine and freshwater environments (Fig. 1) . Marine pelagic copepods were sampled using different gears including WP-2 standard zooplankton nets with mesh sizes of 100, 150, 200, and 500 µm. Vertical tows were performed at depths less than 100 m in Golfo Dulce and Cocos Island (Morales-Ramírez and Nowaczyk 2006 , Quesada-Alpízar and Morales Ramírez 2006 , Morales-Ramírez 2008 . The same kind of tows were used to sample copepods in the Gulf of Papagayo (Bednarski and Morales-Ramírez 2004, Rodríguez-Saénz and Morales-Ramírez 2012) , Gulf of Nicoya and Coronado Bay (Morales-Ramírez 1996) . In the Caribbean Sea, organisms were collected mostly with horizontal surface tows Murillo 1996, Carrillo 2012) . For marine benthic copepods, sampling techniques were described by Mielke (1992 Mielke ( , 1994 . This community was also sampled by collecting sediment samples with cores from beaches (Mielke 1992 (Mielke , 1994a (Mielke , b, c, 1995 , but also by a van Veen grab sampler (Sibaja-Cordero 2012) . Freshwater copepods were obtained by different devices but mainly by nets used in different habitats including littoral and limnetic areas of the water bodies (see Collado et al. 1984a, b, Suárez-Morales and Reid, unpubl. data) .
Results and discussion
Historical overview
Marine pelagic copepods
The copepod species found in marine systems of Costa Rica are listed in Table 1 . The zooplankton of the Pacific coast of Costa Rica has been surveyed more intensely and during a longer period of time than in the Caribbean side. The three sectors (northern, central and southern) of the Pacific coast include interesting systems in which the copepod fauna has been studied. In Culebra Bay, an embayment associated to the Gulf of Papagayo (north Pacific coast), Bednarski (2001) recorded 39 species. Suárez-Morales and Morales-Ramírez (2001) reported the calanoid Acartia negligens Dana, 1849 near Murciélago Islands at the northern Pacific coast of Costa Rica and expanded its known regional range. In the same region, a new species (Cymbasoma concepcionae Suárez-Morales and Morales-Ramírez 2003) of the order Monstrilloida was described; it was the first record of monstrilloids in Costa Rica. Also in the northern Pacific sector, an oceanic upwelling system known as the Costa Rica Dome has been the subject of many zooplankton studies because of its importance as a fisheries region (Fiedler 2002) . A total of 41 copepod species have been recorded in surface waters of this highly productive area (Suárez-Morales and Gasca 1989, Fernández-Alamo and Vicencio 1996). In the Gulf of Nicoya, an estuarine system on the central Pacific coast of Costa Rica, Morales-Ramírez and Vargas (1995) reported 12 copepod species dwelling at the inner sector of the gulf. They determined A. lilljeborgii and members of the family Pseudodiaptomidae as the most abundant taxa. Further studies in the Gulf of Nicoya raised the total number of species to 32 (Morales-Ramírez 1996) .
Zooplankton studies in the southern Pacific area of Costa Rica have focused on two locations. The first one is Coronado Bay, which is part of the Térraba-Sierpe mangrove system. Its copepod fauna comprised 13 species of a few families, mainly Clausocalanidae, Calanidae and Paracalanidae (Morales-Ramírez 1996) . The second location is Golfo Dulce, where Morales-Ramírez (1996) recorded 38 species. The genera Corycaeus, Clausocalanus, Oncaea and Oithona were the most common in this area. This gulf harbors 21.5% of the marine diversity recorded from the Costa Rican Pacific coast (Morales-Ramírez 2011).
In the Caribbean coast of Costa Rica, studies on copepods are scarcer and more recent. In the Cahuita National Park, Morales-Ramírez (2001) collected 22 species, with A. lilljeborgii and species of the family Pontellidae as the dominant forms. At that time, 18 of those species were reported as new records for the Caribbean coast of Costa Rican. Further studies revealed 13 additional records (Carrillo 2012) and two new species of monstrilloid copepods: Monstrillopsis cahuitae Suárez-Morales, Carrillo & Morales-Ramírez, 2013 and C. alvaroi Suárez-Morales & Carrillo, 2013 .
The zooplankton sampling efforts in Costa Rica have been carried out since the the 1980´s. Figure 2 shows the accumulative number of species progressively found by national investigators. There seems to be major contributions to a sustained increase since 1984, nevertheless, the period between 1996 and 2003 added few or none new records; subsequently, with the beginning of studies around Cocos Island National Park increased the number of records. The first studies that included some analysis of copepods as a group (not on a species level) were from the coastal area around the Cahuita National Park, a Caribbean reef system (Morales 1987), and Caño Island at the Pacific coast (Guzmán and Obando 1988) . Considering these early surveys, it is concluded that the current knowledge of the copepod fauna comprises more than two decades (Fig. 2) 
Marine benthic copepods
The number of free-living copepod taxa that have been described from material obtained in Costa Rica is summarized in Table 2 . Taxonomic surveys of the benthic copepod fauna are scarce. Mielke (1992) analyzed beach sediments from locations along both coasts of Costa Rica: along the Caribbean coast, samples were obtained at three locations (Portete, Cahuita and Manzanillo beaches), whereas at the Pacific coast, samples were obtained from 13 sites. Six copepod taxa belonging to the family Tetragonicipitidae were found, including two new species (Phyllopodopsyllus ancylus Mielke, 1992 and P. carinatus Mielke, 1992) and two new subspecies (Laophontella horrida dentata Mielke, 1992 and P. gertrudi costaricensis Mielke, 1992) . The monotypic genus Microcanuella and its species M. bisetosa Mielke, 1994 were described from sandy beaches of the Gulf of Nicoya. Mielke (1995) also found four species of Schizopera Sars G.O., 1905 and described Schizopera osana Mielke, 1995. At Cocos Island, Sibaja-Cordero (2012) analyzed subtidal sediment samples and identified seven families, nine genera and three species of harpacticoid copepods. The family Miraciidae included four genera, one species and an undetermined taxon. This material is expected to reveal many additional species records of the Harpacticoida. 
Freshwater copepods
The freshwater zooplankton of Costa Rica has been studied since the 1980's, but these surveys have been intermittent (Collado et al. 1984a , b, Dussart and Fernando 1986 , Reid 1990a , Umaña and Collado 1990 , Haberyan et al. 1995 . Since then, a total of 25 species of copepods have been recorded (Table 3) . Cyclopid copepods are the most diverse and abundant group in inland waters of Costa Rica as found in other Neotropical areas (Suárez-Morales et al. 2000 , Silva 2008 . Diaptomid copepods, the most representative group of the order Calanoida in freshwater environments, show a low diver-sity in Costa Rica, a feature which is also shared with Central America (Suárez-Morales 2003 . Their diversity could be underestimated in Costa Rica; records of presumedly cosmopolitan species like Eucyclops agilis, E. serrulatus could include undescribed species (Alekseev et al. 2006 , Gutiérrez-Aguirre et al. 2013 ). The Costa Rican E. bondi probably represents an undescribed species (Mercado-Salas and Suárez-Morales 2014). (Reid, 1990 ) **
General diversity
Studies focusing on the taxonomic composition of the free-living copepod fauna have been carried out in selected locations involving coastal, oceanic and large continental aquatic systems (i.e., lakes as: Arenal, Cote, Bonilla, Fraijanes, and Cerro Chato). Currently, there are 281 species of copepods recorded in Costa Rica, representing 6 orders and 50 families. The order with the highest number of species is Calanoida (147 spp.), followed by Cyclopoida (73) and Harpacticoida (36). There are no records of species of the orders Gelyelloida, Platycopioida and Misophrioida.
According to our results, copepods are the most studied marine group of microcrustaceans in Costa Rica, representing almost 44% of the 473 marine species reported in the country until 2009 (Wehrtmann and Cortés 2009 ); this figure increases to 52.6% when studies around Cocos Island and Caribbean Sea as well new records from other areas are considered.
Remarks
Marine copepods
Being situated in a fully tropical area with the influence of both the Atlantic and Pacific oceans, the marine copepod fauna of Costa Rica is expected to be highly diverse. The analysis of the diversity is also an important tool to reveal changes and patterns of the pelagic communities surveyed. In these coastal systems, particularly along the Pacific coast, the diversity of copepods has detectable variations as a response to local oceanographic conditions. Also, typical upwelling species have been recorded in Culebra Bay, Gulf of Papagayo, with major seasonal changes in dominance as a response to upwelling conditions (Bednarski and Morales-Ramírez 2004) . The Gulf of Nicoya is known to show an assemblage of typical estuarine species, where small calanoids dominate year-round (Brugnoli et al. 2004 ). The Golfo Dulce represents a mixed environment in which oceanic and coastal copepod species coexist, a condition that is intensified during El Niño events (Quesada-Alpízar and Morales-Ramírez 2006). These and other Costa Rican systems should be surveyed during different seasons and hydrographic conditions in order to develop a complete overview of their copepod diversity. Also, increased efforts should be carried out to explore the diversity of benthic copepods, mainly of harpacticoids, a group whose diversity in marine and freshwater environments is still poorly known in Costa Rica.
Freshwater copepods
Currently, 25% of Central American records of freshwater species are from Costa Rica. Together with that of the other areas of Central America (CA), its inland copepod fauna represents an interesting assemblage, because CA is a recent biogeographic passage of copepods between North and South America (Suárez-Morales 2003 . Also, there are records of introduced species of copepods in Costa Rica (Collado et al. 1984a , b, Suárez-Morales et al. 2011 ; their advancement in the country should be followed based on an expanded sampling program. Additional efforts are required to reveal the copepod diversity of Costa Rican freshwater systems. New inland aquatic habitats should be sampled, like ephemeral pools, subterranean waters, caves, methane seeps, and even semi-terrestrial habitats, often harboring a rich copepod fauna (Reid 1986) .
A consistent plan to develop more human resources formed in the taxonomy and systematics of these microcrustaceans is required as a basic strategy to increase the knowledge of this biodiversity. Thereby we could increase the knowledge of our biological diversity and thus allow the development of improved conservation strategies ) and prevent or mitigate some of the problems related to the loss of biodiversity (Molnar et al. 2008) .
